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$\nabla\cdot u$ $=$ $0$
$\partial_{t}u+u\cdot\nabla u$ $=$ $- \nabla p+\frac{1}{{\rm Re}_{P}}\nabla^{2}u+F$ .
, $(x)$ $(z)$
.
$u(x+L_{x}, y)z)$ $=$ $u(x, y)z)$ ,
$u(x,y,z+L_{z})$ $=$ $u(x, y, z)$ ,
$u(x, -1, z)$ $=$ $u(x, +1, z)=0$ .
$(L_{x}, L_{z})$ .
$F$ $y,$ $z$ Rep, $L_{z}$ $f_{r}$ .
$F(y, z;{\rm Re}_{P}, L_{z}, f_{f})=- \frac{2}{{\rm Re}_{P}}e_{x}+f_{r}y\cos(\gamma z)e_{y}-\frac{f_{r}}{\gamma}$ sin $(\gamma z)e_{z}$ ,

















$(\begin{array}{l}u_{x}u_{y}u_{z}p\end{array})(x, y, z)=(\begin{array}{l}u_{x}-u_{y}u_{z}p\end{array})(x, -y, z)$ .
2. streamwise translation and spanwise reflection
$(\begin{array}{l}u_{x}u_{y}u_{z}p\end{array})(x, y, z)=(\begin{array}{l}u_{x}u_{y}-u_{z}p\end{array})(x+\frac{L_{x}}{2}, y, -z)$ .
3. spanwise translation and upside-down reflection
$(\begin{array}{l}u_{x}u_{y}u_{z}p\end{array})(x, y, z)=(\begin{array}{l}u_{x}-u_{y}u_{z}p\end{array})(x, -y, z+\frac{L_{z}}{2})$ .
(1) (2) ,





$(L_{x}, L_{z})=(2\pi, 0.51\pi),Re_{P}=1338$ . 0.40






1 : $u$ $(u=0.4)$ . / :
$(\omega_{x}=\pm 0.2)$ . :y-z , :x-y , :x-y , : .
(2) (3) ,
$f_{r}=0$ . .
$(L_{x}, L_{z})=(\pi, 0.30\pi),Re_{P}=4430$ .












2 : $u$ $(u=0.2)$ . / :
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